and chemistry. For instance, the classification of emission and absorption
spectra from atoms and molecules (including the qualitative and quanti-
tative analysis of atomic and molecular spectroscopy) boiled down to the
study of representations of the permutation group and the group SU(2}.
The Coulomb potential is unchanged by rotations in three-dimensional
space. The group representations precisely describe how a physical state
fails to share the full rotational symmetry of the underlying force. Finite
dimensional subgroups of rotational symmetries (point groups) describe
crystal symmetries and many other symmetries of condensed matter
physics and chemistry.

In 1926 Pauli discovered another symmetry of the Coulomb force,
different from the rotational symmetry discussed above. This symmetry
arose from an understanding of Lie's theory applied to the "eccentricity"
of a classical elliptical orbit. (This eccentricity invariant of motion,
studied by Laplace, Runge, and Lenz, describes how much the ellipse
differs from a circle.) The properties of this extra symmetry led Pauli
to a simple, elegant picture of the quantum mechanical hydrogen atom.
More important, this work foreshadowed the idea of studying space-time
symmetry in conjunction with other types of symmetry.

A great step foward came in 1939 when Wigner analyzed the pos-
itive energy representations of special relativity, i.e., representations of
the group of Einstein, Lorentz, and Poincare. The mathematical tools of
the day required generalization to solve this problem, and Wigner built
on the classical work of Frobenius. One consequence of his analysis is
that every representation of the relativity group was characterized by
two intrinsic numbers, its "mass" and its "spin." In this way, both mass
and spin derive from a fundamental symmetry, namely special relativ-
ity. After that discovery, a physical particle in quantum theory could be
interpreted as a mathematical object, namely as a group representation.

Staggering development ensued in the mathematical theory of Lie
groups and their representations. In turn, these purely mathematical
developments came to play a central role in modern number theory,
geometry, ergodic theory, etc. This work is ongoing, not only for Lie
groups but also for infinite dimensional groups, such as groups of diffeo-
morphisms, the Weyl group, and gauge groups.

Such a theory of representations later played a role in revolution-
izing ideas in physics. At first, group theory was applied to describe
laws of nature. Later a modern point of view evolved in which groups
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